INTRODUCTION
It is estimated that 9 20 of postharvest loss is caused by stored-product insect pests in developing countries 1 . Tribolium castaneum Coleoptera: Tenebrionidae , of China 13, 14 .
We have reported the insecticidal activity of EOs from Evodia calcicola and Evodia trichotoma leaves in our previous work 15 . However in this study, we focus on the other two species also belonging to Evodia genus, E. lenticellata and E. rutaecarpa. E. lenticellata and E. rutaecarpa are mainly distributed in Southern Shanxi and Yunnan provinces of China, respectively. The dried unripe fruit of E. rutaecarpa is used in the treatment of a variety of ailments like gastrointestinal disorder, as well as the external treatment of aphthous stomatitis 16 . The anti-inflammatory effects of the fruit are due to several active ingredients such as dehydroevodiamine, evodiamine and rutaecarpine 17 . Besides, the EO from the E. rutaecarpa unripe fruit is known to demonstrate insecticidal activity against storage pests 18 . E. lenticellata, which has the similar characters as E. rutaecarpa, is also belonging to Evodia. Its fruits can be used in medicine as well. However, to our best knowledge, there is still no report on the insecticidal activity of the EO in this plant against storage pests. In short, many studies have been performed for the EOs from Evodia leave, but the potential insecticidal activity of the leaf EOs has rarely been studied. All tested insects used for the experiments were maintained in incubators 29 1 , 65 5 relative humidity that were kept in permanent darkness. The red flour beetles T. castaneum and cigarette beetles L. serricorne were reared on wheat flour mixed with additional 10 yeast, and additional 10 milk powder special for booklice L. bostrychophila . Two weeks old adults were used for all tests without considering sex.
Essential Oil Extraction
The oils 1 kg leaves were extracted by hydrodistillation using a modified Clevenger-type apparatus for 7.5 hours for increasing the yield of EOs . The EOs were dehydrated with anhydrous sodium sulfate and stored in airtight containers at 4 .
Analysis of the Essential Oils
Analysis of the samples was performed on a Thermo Finnigan Trace DSQ GC/MS instrument. A capillary column of HP-5MS 30 m 0.25 mm 0.25 μm was used. Helium with the flow rate of 1.0 mL/min was used as carrier gas. 1 μL of 1 solution diluted in n-hexane was injected into the GC with a 1:10 split ratio and injector temperature of 250 . The following temperature program was applied: the column temperature was initially 50 for 2 minutes, then gradually increased to 150 at 2 /min, and finally increased to 250 at 10 /min, and kept there for 5 minutes. The mass spectrometer was operated in the electron-impact mode, with ionization energy of 70 eV in m/e ranging 10-550 amu. Most constituents were identified by gas chromatography by comparison of their retention indices with those of the literature or with those of authentic compounds available in our laboratories. The retention indices were determined in relation to a homologous series of n-alkanes C 5 -C 36 under the same operating conditions. Further identification was made by comparing their mass spectra with those stored in NIST 05 Standard Reference Data, Gaithersburg, MD and Wiley 275 libraries Wiley, New York, NY or with mass spectra from literature 20 .
Bioactivity 2.4.1 Contact Toxicity
Contact toxicity of EOs and compounds against T. castaneum and L. serricorne were measured as described by Liu and Ho 21 . An appropriate starting dosage was found in preliminary experiments. A serial dilution of the EOs and compounds were prepared in acetone. The solution 0.5 μL was applied dorsally to the thorax of each insect. The control group was treated only with acetone as control.
Ten treated insects were then transferred to each glass vial and kept in the aforementioned incubator. Each treatment was replicated five times. After 24 h, mortality was recorded and the LD 50 values were calculated using SPSS V20.0 Probit analysis 22 .
The bioassay procedure of L. bostrychophila was run as described 23 . A serial dilution of the oils and compounds five concentrations were prepared in acetone. A filter paper disks 5.5 cm in diameter was treated with 300 μL of the diluted solution. The treated filter paper was adhered to the bottom of the same size Petri dish and twenty booklice were introduced to the center of the filter paper by using a hair brush then the Petri dish was covered with a lid. Controls received only acetone. Five replications were run for each concentration. Mortality of insects was observed after 24 hours. The LD 50 values were calculated by using SPSS 20.0 for Windows 7 22 .
Repellency Tests
The area preference method 24 was used to evaluate repellency of the EOs against T. castaneum and L. serricorne. Half filter paper disks 9 cm in diameter were treated with 500 μL of acetonic solutions of the EOs 0.13-78.63 nL/cm 2 . As for L. bostrychophila, half filter paper disks 5.5 cm in diameter were treated with 150 μL of acetonic solutions of the oils 0.10-63.17 nL/cm 2 using pipette.
Half of the bottom of a Petri dish was covered with the treated filter paper, while the other half was covered with a filter paper disk impregnated with acetone as control. Twenty adults were introduced to the center of the filter paper then the Petri dish was covered with a lid. Each treatment was replicated five times and numbers of insects presented on the control Nc and the testing Nt strips were recorded after 2 and 4 hours, respectively. A commercial repellent, N, N-diethyl-3-methylbenzamide DEET , was used as a positive control. The value of percent repellency PR was calculated as follows:
Analysis of variance One-Way ANOVA and Tukey s test were conducted by using SPSS 20.0 IBM Corp., Armonk, NY, USA for Windows 7 22 . Percentage was subjected to an arcsine square-root transformation before variance and Tukey s tests.
RESULT and DISCUSSION

Chemical Compounds of Essential Oils
The chemical compositions of the EOs derived from these two Evodia species are shown in have only exhibited moderate effectivity against T. castaneum in our tests. It was reported that Tribolium had demonstrated resistance to almost all classes of insecticides because of its chemo-sensing and detoxifying genes 2 .
Furthermore, none of the major compounds exhibit potent contact toxicity. According to previous research, not all of the nature compounds or oils are active against insect pest through contact toxicity. In our test, most of the compounds are more toxic than the EOs, suggesting that some other compounds may mask the toxicity of the crude oil. It is contrary to synergistic effects, so it may be worth considering. The difference in response of test species could also be attributed to synergistic effects as well as morphological, physiological and behavioral differences among them 35 . Thus, further investigations are needed for the formulation of the compounds and EOs.
Repellency
Results from the repellency of the EOs from E. lenticellata and E. rutaecarpa leaves, include their two major compounds, against three insects are presented in Fig. 1 .
The EO of E. lenticellata leaves is strongly repellent to L. bostrychophila, but moderately repellent to T. castaneum and L. serricorne, while the EO from E. rutaecarpa leaves have exhibited strong repellency against three insects.
The PR of the E. lenticellata EO against T. castaneum and L. serricorne seems independent of the concentration applied. Interestingly, sometimes the repellency also increased when insects are exposed for a longer time. Data show that at 78.63 nL/cm 2 , the EO from E. rutaecarpa leaves shows strong repellent activity against three types of insects with the percentage repellency PR over 80 at 2 hours. Compare with the positive control DEET, EO of E. rutaecarpa leaves, caryophyllene oxide and β-caryophyllene show the same levels of repellency after 2 hours treatment against T. castaneum, and meanwhile the EOs and caryophyllene oxide also exhibit the comparative repellent activity against L. bostrychophila. At the highest concentration, the EO of E. lenticellata leaves has repelled T. castaneum and L. serricorne moderately at 2 hours and 4 hours; the Data from Yang et al. 31) ; The mortality of the negative control was 0 for the three insects.
PRs of α-pinene and β-ocimene are lower than 80 against three insects at 2 hours. The difference in repellent activities between the EO and the individual compounds could be due to molecular structure, synergistic effect and different species reaction, e.g. the EO of E. rutaecarpa leaves, caryophyllene oxide and β -caryophyllene exhibit potent repellency against T. castaneum. It was reported that C C, C O bonds and hydroxyl group seem to positively affect the repellent activity of the compounds against T. castaneum 36 . Meanwhile, the PR of E. rutaecarpa leaves is higher than its two major compounds α -pinene and β -ocimene against three types of species. It has been demonstrated that plants usually present repellent effect as a suit of compounds rather than individual ones. The minor constituent may act as synergist for enhancing the effectiveness of the major one 37 . But on the contrary, the PR of major compounds caryophyllene oxide and β-caryophyllene is higher than that of the EO from E. lenticellata leaves against T. castaneum and L. bostrychophila. This may be due to the shielding effect of other minor compounds. However, in the repellency bioassay, encouraging results are presented. Even so, at the lower concentration, insect attractant properties were showed up. The odor of volatile com- pounds such as oxygenated terpenoids and aromatics can provide a complex ecological signal with the potential in behavioral responses from insects 38, 39 . The repellant is more complicated to interpret, thus further investigations need to be conducted.
CONCLUSION
The chemical compositions of the EOs from E. lenticellata and E. rutaecarpa leaves are analyzed. The contact and repellent activities of the EOs against three storage pests are reported for the first time. This work indicates that the EOs from E. lenticellata and E. rutaecarpa leaves have potential for development into natural insecticides for the control of insects in stored products.
